To determine if the choice of enteral feeds after gastroschisis repair relates to the time to achieve full feeds and time to discharge. STUDY DESIGN: A retrospective study of infants with gastroschisis from 2000 to 2010 examined demographics, days at closure, days at initiation of feeds, days to full feeds, time to discharge and length of stay. RESULT: Ninety infants were identified, 22 received (human milk) HM exclusively, 15 were fed 450% HM, 16 were fed o50% HM and 26 were fed only cow milk-based formulas. Infants fed exclusively HM had significantly shorter times to full enteral feedings (median 5 days versus 7 days, P ¼ 0.03). The time from initiation of feedings to hospital discharge, which accounts for initiation age, significantly favored the exclusively HM-fed infants (median 7 days versus 10 days, P ¼ 0.01). CONCLUSION: Exclusive HM feeding after gastroschisis repair decreases time to achieve full enteral feeds and time to discharge.
INTRODUCTION
Gastroschisis is a congenital defect of the ventral abdominal wall. The lesion consists of a small full-thickness periumbilical cleft usually to the right of the umbilicus, which allows for the herniation of abdominal contents into the amniotic sac. In addition to small intestines, herniated viscera may include stomach, colon and the genitourinary organs. The exposed bowel is not covered as in an omphalocele and often becomes matted and thickened with a fibrous peel. Gastroschisis is not associated with known chromosomal defects, but may be associated with gastrointestinal anomalies such as intestinal atresia, stenosis and malrotation.
The incidence of this abnormality is increasing. [1] [2] [3] [4] [5] As the population affected by this defect continues to grow, the optimal post-operative feeding regimens for these infants remain unclear. Much attention has been placed on whether the mode of delivery, type of closure or timing of delivery affects outcomes. Following repair, the infant has a prolonged functional ileus requiring administration of total parenteral nutrition (TPN). Prolonged TPN has adverse effects on the liver (parenteral nutrition-associated liver disease) with elevation of liver enzymes and direct bilirubin. 6 After the return of bowel function, enteral feeds are usually begun. Previous studies have shown that the earlier the initiation of enteral feedings, the better the outcome in infants post gastroschisis repair. 7, 8 Part of this improved outcome can be attributable to shorter duration of TPN and reduced length of stay (LOS). 7 An independent predictor of mortality in these infants is the development of necrotizing enterocolitis. This finding appears to be mitigated by the timing and type of enteral feeds. 9 The focus of this study was to determine if the type of enteral feeds, human milk (HM) or formula, improves time to full enteral feeds or LOS.
METHODS

Study population
This retrospective study included all patients who were admitted to the neonatal intensive care unit of the Children's Hospital of The King's Daughters during the study period of 1 January 2000 through 31 December 2010, who had an International Classification of Disease (ICD)-9 procedure code of 54.71 (repair of gastroschisis). This procedure for obtaining gastroschisis patients has been validated previously. 10 The research protocol was approved by the Institutional Review Board of Eastern Virginia Medical School.
Study design and data acquisition
Chart reviews were performed and data were obtained from the attending neonatologist's admission history and physical, daily notes and bedside nursing charts. Gestational age was recorded as the number of completed gestational weeks. Age at closure, age at initiation of feeds and LOS were calculated as days of life (DOL), with day of birth serving as DOL 1. Days to full feeds was calculated by subtracting age at initiation of feeds from days required to achieve full feeds. Full feeds were defined as an enteral feeding volume, either oral or gavage, of 140 ml kg
Days to discharge was calculated by subtracting age at initiation from LOS. Age at initiation was defined as the DOL on which either formula or human milk was first provided for the infant, not by the first use of an oral electrolyte solution. Percentage of human milk consumption was calculated from the bedside nursing chart by dividing the total human milk volume by the total enteral feeding volume for the entire hospitalization.
Statistical analysis
The data were analyzed using SAS 9.3 software (SAS Institute, Cary, NC, USA). Descriptive statistics (counts, percentages, medians and interquartile ranges) were reported for all variables and stratified in two ways both based on the percentage of HM consumed. Initially infants were divided into four groups: 100% HM, 50 to 99% HM, 1 to 49% HM and 0% HM. Secondly, infants were divided into only two groups: exclusive HM (100%) and non-exclusive HM (0 to 99%). w 2 tests were used to compare proportions for gender, mode of delivery and closure type among (or between) the percentage groups. Analysis of variance, Kruskal-Wallis tests, two-sample t-tests, or Mann-Whitney U-tests were used, where appropriate, to assess differences in birth weight, gestational age, age at closure, age at initiation, age at full feed, days to full feed, LOS and days to discharge. Logistic, linear or Cox proportional hazard regression models assessed for differences in demographics and outcomes, utilizing a continuous variable for percentage of human milk. Finally, analysis of covariance was used to assess the relationship between LOS and percentage of human milk after adjusting for age at initiation or days to full feed. The level of significance was set at a ¼ 0.05.
RESULTS
Study population
A total of 90 infants were identified within the study period. Three infants died prior to the initiation of feeds and were excluded. Eight infants were classified as complex cases (presence of intestinal atresias, perforations, necrotic segments or volvulus).
As these cases exhibit different clinical courses independent of enteral feeding, they were also excluded. 11, 12 Demographic comparison of four percentage groups The four percentage groups were similar with respect to gender, mode of delivery (vaginal versus cesarean section), type of closure (primary versus silo), gestational age and the age at closure. There was a significant difference in birth weight when comparing 100% þ 50 to 99% versus 1 to 49% þ 0%, and when compared as a continuous variable. There existed a statistically significant difference in age at initiation of enteral feeds between the groups for all comparisons (Table 1) .
Outcome comparison of four percentage groups The days to full feed was not significantly different except when comparing 100% human milk to the other percentage groups. The comparison of LOS was significantly different for all comparisons. This mirrored the differences suggested by the differences in age at initiation. There was a significant difference in days to discharge between the groups except when comparing any human milk-containing group to exclusive formula consumption (P ¼ 0.27) ( Table 2) .
Comparison of exclusive human milk (100%) versus non-exclusive human milk (0 to 99%) The two groups were similar with respect to birth weight, gestational age and age at closure. There was a significantly different age at initiation and subsequent age at full feeds between the two groups. The days to full enteral feeds was shorter in the exclusive group (median 5 days) compared with the non-exclusive group (median 7 days; P ¼ 0.03). There was a positive association between the days to full feed and the LOS (Po0.0001). The LOS was also statistically significant, with the exclusive group having a median LOS of 22 days and the nonexclusive group, LOS 30 days (P ¼ 0.001). Analysis of covariance demonstrated that exclusive human milk was no longer statistically significantly associated with LOS (P ¼ 0.70) after adjusting for age at initiation (Po0.0001), so the days to discharge (the days between the initiation of enteral feeds and hospital discharge) was calculated to adjust for age at initiation. The exclusive group had a median days to discharge of 7 days compared with a median of 10 days in the non-exclusive group (P ¼ 0.01) ( Table 3) .
DISCUSSION
Gastroschisis is a congenital anomaly with low mortality but significant morbidity. 13 These infants require prolonged use of TPN and lengthy hospital stays. Operative reduction of the bowel within the abdominal cavity is only the first of many hurdles these babies endure. The prolonged nature of their recovery and the adverse effects of their treatment highlight areas where improvement in practice can be achieved. Despite advancements in management, the care of these infants is still associated with significant questions and cost.
The post-operative ileus that is seen following gastroschisis repair requires the concomitant use of TPN. While life-saving, the protracted use of TPN is associated with significant morbidities. Sepsis and end-organ dysfunction are significant problems seen in infants on TPN for extended durations.
14 Especially concerning is the high risk in developing parenteral nutrition-associated liver disease for gastroschisis infants. 6 To reduce these risks, TPN duration should be minimized. Our results demonstrated that exclusive human milk consumption is associated with faster attainment of full enteral feeds allowing for a decreased duration of TPN.
Gastroschisis infants are notorious for the unpredictable timing of the return of their bowel function. The time for the bowel to 'wake up' is unique to each infant and is the hardest factor in their recovery to predict. The in-utero exposure of the bowel to amniotic fluid results in the bowel damage and decreased motility seen in these infants. 15 One way of quantifying the recovery of bowel function has been to investigate intestinal permeability and time to full enteral feeds. [16] [17] [18] Human milk has been shown to decrease intestinal permeability in preterm infants. 19 Human milk feeding has also been shown to result in faster attainment of full enteral feeds by promoting intestinal adaptation. 17, 18 Our data is consistent with these findings and supports the idea that human milk is associated with faster attainment of enteral feeds by expediting the recovery of bowel function. This study represents some of the first reported data supporting the role of human milk in the recovery of bowel function in infants following repair of gastroschisis.
As already mentioned, the bowel of infants with gastroschisis typically is edematous, inflamed and sometimes covered by a fibrous peel. This renders the intestinal mucosa vulnerable to infections such as necrotizing enterocolitis, 20 which is six times more likely in exclusively formula-fed infants than exclusively human milk-fed infants and three times more likely than those who received a combination of formula and human milk. 9 Human milk contains components such as pancreatic secretory trypsin inhibitor and transforming growth factor-b 2 (TGF-b 2 ), which help provide protection while mediating repair functions and inhibiting the mediators of infection. 21, 22 We suggest that this, along with the previously discussed decreased intestinal permeability, is likely the reason that infants with an inflamed intestinal mucosa, like that commonly seen with gastroschisis, have a decreased incidence of necrotizing enterocolitis when exclusively fed human milk. 9 Length of hospital stay has the highest correlation with cost in the care of gastroschisis infants. 23 Our data showed that infants fed exclusively human milk had a significantly shorter LOS versus other feeding regimens. Given a median 8-day reduction in LOS, a per-diem base neonatal intensive care unit charge of $2645 and 55 infants given formula/partial human milk during the 10-year study period, this would result in a potential savings to our hospital system in excess of one million dollars. While cost should never be the driver of patient care, it should be considered while trying to determine the best care practices for gastroschisis infants.
This study is limited because it consisted of a retrospective review. It is also not based on a standard feeding plan outlining standardized rates of enteral feeding advancement. This study also failed to show a graded response to the percent consumption of human milk when looking at all of the outcome parameters that we measured. The findings should be validated by prospective data using standard feeding advancement protocols.
CONCLUSION
Gastroschisis is a complex problem that presents many unresolved issues concerning the care of these infants. The findings of this study support the use of exclusive human milk feedings in postoperative gastroschisis infants. It is recommended that exclusive human milk feeding be encouraged to shorten the duration of TPN, facilitate bowel recovery and decrease the length of hospital stay. These findings support the inclusion of gastroschisis on the lists of criteria for donor human milk programs. We believe that the evidence for the benefits of human milk should be used to guide clinicians and parents in their choice of enteral feeds.
